Water is essential for life and plain water instead of sugar-sweetened beverages is one approach for decreasing energy intake. Due to limited data on characteristics associated with water intake among Korean adolescents, this study examined associations of demographic and behavioral characteristics with plain water intake by using nationally representative sample of South Korean adolescents. The data (2007) (2008) (2009)(2010) Korea National Health and Nutrition Examination Survey) for 1,288 high school-aged adolescents (15-18 years) were used. Multivariable logistic regression was used to calculate adjusted odds ratios (OR) for factors associated with low water intake (< 4 cups/day) and very low water intake (< 2.5 cups/day). Nationwide, 38.4% and 19.0% of adolescents reported drinking water < 4.0 cups/day and < 2.5 cups/day, respectively. The mean plain water intake was 5.7 cups/day for males and 4.1 cups/day for females. Females had significantly higher odds for drinking water < 2.5 cups/day (OR = 2.2) than males, whereas adolescents with low milk consumption had significantly lower odds for drinking water < 2.5 cups/day (OR = 0.7). Factors significantly associated with a greater odds for drinking water < 4 cups/daywere being female (OR = 2.8) and not meeting physical activity recommendations (≥ 20 min/day on < 3 days/week) (OR = 1.6). Being underweight, overweight, and obese were significantly associated with reduced odds for drinking water < 4 cups/day (OR = 0.7, 0.4 and 0.5, respectively). However, intake of soda, coffee drinks, fruits, vegetables, and sodium and eating out were not significantly associated with low or very low water intake. These findings may be used to target intervention efforts to increase plain water intake as part of a healty lifestyle.
Introduction 11)
Consuming water is essential for life and drinking water is zero-calorie, thirsty quenching beverage option. Consuming plain water can help weight management [1] [2] [3] [4] and may prevent potential adverse consequences associated with sugar-sweetened beverage (SSB) intake, such as dental caries [5] , obesity [6] [7] [8] [9] , and type 2 diabetes [10] if substituted for SSBs. Furthermore, previous studies suggested that low plain water intake was associated with other less desirable behaviors such as poor dietary quality and lifestyle [11, 12] . Kant and Graubard reported that plain water intake was inversely associated with intake of total sugars among youth aged 2-19 years [12] . Most recently, Park and colleagues reported that factors significantly associated with low plain water intake were lower consumption of milk, fruits (including 100% fruit juice), and vegetables, higher consumption of non-diet soda and other SSBs, frequently using fast-food restaurants, and physical inactivity among US high school students [11] .
Based on Korean Health Statistics in 2010, the highest consumers of sodas (both non-diet and diet) were adolescents (aged 12-18 years) compared to other age groups. Furthermore, the prevalence of obesity is higher in adolescents (12.7%) compared to youth under 12 years of age (9.6% for children aged 2-5 years and 8.8% for children aged 6-11 years) [13] . There is a growing concern regarding low physical activity among Korean high school-aged adolescents due to great emphasis on academic achievement. For example, most high schools in South Korea have replaced physical education class with other major classes, such as Math and English [14] .
Unlike South Korea, efforts to promote plain water intake are increasing in the United States. For example, the US Department of Agriculture requires schools participating in the National School Lunch Program as of fall 2011 to make free potable water available to students where meals are served [15] . Although, drinking plain water is generally known as a part of healthy diet, plain water intake has received little attention in South Korea. The Korean National Health and Nutrition Examination Survey (KNHANES) has collected plain water consumption data since 2007. However, to our knowledge, no study has examined plain water consumption patterns among Korean youth. Therefore, to inform the development of efforts to promote water intake in South Korea, the purposes of this study were to explore plain water consumption and to examine whether low plain water intake is associated with other less healthful dietary and behavioral factors among Korean high school-aged adolescents (15-18 years). It was hypothesized that less healthful dietary practices and physical inactivity would be associated with low water intake.
Subjects and Methods

Sample and survey administration
This study was based on KNHANES data in 2007-2010. The KNHANES conducted by Korea Centers for Disease and Control (KCDC) is a sequential series of cross-sectional survey of the South Korea civilians, non-institutionalized individuals (aged ≥ 1 year) designed to obtain nationally representative estimates of health and dietary indicators [16] . The KNHANES was approved by the KCDC Institutional Review Board.The KNHANES consists of four different surveys: a health interview survey, a health behavior survey, a health examination survey, and a nutrition survey. The nutrition survey collects dietary intake data using 24-hr recall and food frequency questionnaire. The KNHANES collects data via household interview and direct physical examinations in mobile examination centers. The survey uses a stratified multistage probability sampling design and the samples for each year were independent of each other. Weights indicating the probability of being sampled were assigned to each respondent, enabling the results to represent the entire country. A total of 1,598 adolescents aged 15-18 years participated in the health behavior survey, 1,467 participated in the health examination survey, and 1,291 participated in the nutrition survey in 2007-2010. This cross-sectional study included 1,288 high school-aged adolescents who participated in the health examination study, health behavior survey, and the nutrition survey, including responses for plain water intake. Overall response rate for KNHAENS in 2007-2010 was 78.4%.
Outcome variable
The outcome of interest was plain water intake. Participants were asked "Usually, how many cups of plain water did you drink a day?" For χ 2 tests, four mutually exclusive water intake categories were created; < 2.5, 2.5 to < 4, 4 to < 6, and ≥ 6 cups/day based on the data distribution (quartile). For logistic regression analysis, plain water intake was dichotomized into < 2.5 and ≥ 2.5 cups/day for Model 1 as well as < 4 and ≥ 4 cups/day for Model 2, using upper values for the first and second quartiles as cutoffs. For the purpose of this study, very low water was defined as plain water intake < 2.5 cups/day and low water intake was defined as plain water intake < 4 cups/day.
Exposure variables
Mutually [18] . Dietary intake variables included were milk (< 200 and ≥ 200 g/day), soda (both non-diet and diet; < 0 times/month, > 0 to < 1 time/month, ≥ 1 time/month to < 1 time/week and ≥ 1 time/week), coffee drinks (all types of coffee; < 0 times/month, > 0 to < 1 time/month, ≥ 1 time/ month to < 1 time/week and ≥ 1 time/week), meeting fruit intake guideline for Koreans (yes or no), meeting vegetable intake guideline for Koreans (yes or no), and sodium intake (< 2,000 and ≥ 2,000 mg/day). For the soda question, participants were asked 'During the past 1 year, on average how often did you drink soda or carbonated beverages (e.g., cola, cider, or fruitflavored carbonated beverages)?'. The Korean government recommends different daily intake (in servings) for each food group based on caloric intakes, age, and sex groups [19] . For example, dietary intake guidelines for adolescents are two servings of fruits per day and seven servings of vegetables per day. Sodium cut off points was based on the World Health Organization recommendation of 2,000 milligrams per capita per day [20, 21] . Behavioral variables included being physically active at least 20 minutes/day during the past seven days (< 3 and ≥ 3 days/week) and frequency of eating out (< 1, 1, and > 1 time/day). For the eating out question, participants were asked 'During the past 1 year, on average how often did you eat out?'. The physical activity cut point was based on the KCDC guideline [22] , and cut point for eating out was based on that used in previous studies [23, 24] . Only two exposure variables, soda and coffee drink intake, had missing data and 1.4% were missing for each; adolescents with missing data on these variables were excluded from analyses when the variable was used.
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Statistical analysis
Chi-square tests were used to examine the previously described characteristics with plain water intake among high school-aged adolescents and P < 0.05 was used for statistical significance. Two multivariable logistic regression models were fit to estimate adjusted odds ratios (ORs) and 95% confidence intervals (CIs) for variables associated with very low and low plain water intake (< 2.5 cups/day and < 4 cups/day, respectively). All variables listed above were included in the multivariable logistic regression models (n = 1,270 without any missing data). Of note, there were no significant differences in age, sex, and weight status between adolescents who were included in the logistic regression models and those who were not included. Sample weights were applied to all analyses to provide nationally representative estimates. All statistical analyses were conducted using SAS (release 9.2; 2009, SAS Institute Inc, Cary, NC, USA) and incorporated appropriate procedures to account for the complex sample design.
Results
Characteristics of the study population and their associations with plain water intake among high school-aged adolescents
The final analytic sample was 1,288 adolescents. Overall, mean plain water intake was 5 cups/day (5.7 cups/day for males, 4.1 cups/day for females) ( Fig. 1) . Nationwide, 19.0% and 38.4% of the adolescents reported drinking water < 2.5 cups/day and < 4 cups/day, respectively (Table 1) . Based on χ 2 tests, plain water intake significantly differed by sex, weight status, vegetable intake, sodium intake, and physical activity. For example, the proportion of adolescents drinking plain water < 2.5 cups/day was highest among females, those who were normal weight, those who did not meet vegetable intake guidelines, those with lower sodium intake, and those who did not meet the physical activity recommendation (Table 1) .
Adjusted odds ratios for variables associated with very low plain water intake among high school-aged adolescents
Based on multivariable logistic regression analysis, the odds for drinking water < 2.5 cups/day was significantly higher among females (OR = 2.2) but lower among those who consumed milk < 200 g/day (OR = 0.7; vs. ≥ 200 g/day). Factors significantly associated with greater odds for plain water intake < 4 cups/day were being female (OR = 2.8) and not meeting physical active recommendation (OR = 1.6). Compared to normal weight youth, being underweight, overweight, and obese were significantly associated with reduced odds for plain water intake < 4 cups/day (OR = 0.7, 0.4 and 0.5, respectively) ( Table 2) .
Discussion
Previous studies conducted in American adolescents, which showed that 54% of US high school students (grades 9 through 12) drank < 3 times/day of plain water [11] and 64% of Florida middle school students (grades 6 through 8) drank < 3 glasses/day of plain water [25] . However, our finding that the prevalence of low water intake (< 4 cups/day) among Korean high-school aged adolescents (15-18 years) was 38% cannot be directly compared to these studies because the definition of low water intake is different.
Mean plain water intake was 5.7 cups/day for boys and 4.1 cups/day for girls in the present study, and these were higher than those of US youth. Based on the 2005-2008 National Health and Nutrition Examination Survey (NHANES), mean plain water intake among US youth (aged 12 to 19 years) was 3.6 cups for boys and 3.1 cups for girls [26] . Additionally, females were twice as likely to be very low consumers and almost three times more likely to be low water consumers than males in the present study. However, this finding is inconsistent with previous studies, in which sex was not significantly associated with low water intake among US adolescents [11, 25, 26] . Further research is needed to find out why Korean female adolescents have lower water consumption than males.
Consistent with previous studies [11, 26] , overweight and obese adolescents in the present study were 60% and 50% less likely to be low water consumers compared with normal weight adolescents. Park and colleagues [11] noted that obese adolescents might try to limit energy intake from beverages by substituting plain water for SSBs, and this tactic is supported by evidence from two studies that found that those who were trying to lose weight were less likely to drink SSBs compared to students who were not trying to do anything about their weight [27, 28] . Although the present study did not find a significant association between low water intake and high soda intake, plain water may play a role in decreasing energy intake when it is substituted for SSBs and possibly reducing the risk of obesity [2] . 1) The question asked was, "Usually, how many cups of plain water did you drink a day?". 2) χ 2 tests were used for each variable to examine differences across categories. 3) Because of rounding, weighted percentages may not add up to 100%. 4) Unweighted sample size. 5) Measured weight and height were used to calculate body mass index (BMI). Underweight was defined as BMI < 5 th percentile; normal weight was defined as BMI ≥ 5 th to < 85 th percentile; overweight was defined as BMI ≥ 85 th to < 95 th percentile; and obesity was defined as BMI ≥ 95 th percentile based on age-and sex-specific reference data from the Korean growth charts. Yes Reference Reference 1) The question asked was, "Usually, how many cups of plain water did you drink a day?". 2) Model 1 included all variables of study. Reference category included adolescents who drank ≥ 2.5 cups of plain water/day. 3) Model 2 included all variables of study. Reference category included adolescents who drank ≥ 4 cups of plain water/day. 4) Significant finding based on the 95% CI (ie, the CI does not include 1). 5) Measured weight and height were used to calculate body mass index (BMI). Underweight was defined as BMI < 5 th percentile; normal weight was defined as BMI ≥ 5 th to < 85 th percentile; overweight was defined as BMI ≥ 85 th to < 95 th percentile; and obesity was defined as BMI ≥ 95 th percentile based on age-and sex-specific reference data from the Korean growth chart. Table 2 . Adjusted odds ratios for variables associated with very low plain water intake 1) (< 2.5 cups/day) and low plain water intake (< 4 cups/day) among high school-aged adolescents in South Korea -Korean National Health and Nutrition Examination Survey, 2007-2010 (n = 1,270)
Only a few studies have examined possible associations between water intake and dietary or behavioral factors among youth [11, 12, 25] . Park and colleagues found that low water intake was significantly associated with other fluid intake from other beverage including low consumption of milk and 100% fruit juice, and high consumption of non-diet soda, and fruit-flavored drinks/sports drinks among Florida middle school students [25] . In the NHANES study, plain water intake was also inversely associated with intake of fluid from other beverages [12] . Inconsistent with previous studies [11, 25] , very low water intake was significantly inversely associated with low consumption of milk; however, low or very low water intake had no significant association with intake of other fluid including soda and coffee drinks among the Korean adolescents in the present study. It is possible that the Korean adolescents may replace plain water with milk. Drinking milk is very important, especially for adolescents, because milk provides key nutrients, such as calcium, vitamin D, and protein [29] . Therefore, considering different benefits of consuming plain water and milk, it may be important to provide nutrition education to adolescents about the benefits of healthier beverages such as water and milk.
In our study, lower water intake was associated with not meeting vegetable intake guideline based on unadjusted analysis, but it became insignificant after controlling for other factors. Although, the variables were slightly different than those used in the present study, Park and colleagues found that the strongest factor associated with low water intake was low vegetable intake among US high school students [11] . Also, results from NHANES showed that fiber intake was positively associated with plain water intake among US adolescents [12] .
The finding from the present study regarding physical activity is consistent with previous studies. Kant and Graubard found that participation in physical activity was associated with higher water intake among US youth (aged 2-19 years) [12] , and Park and colleagues reported that Florida adolescents who did not participate in team sports during the previous year were more likely to be low water consumers compared to those who participated in at least three team sports [25] . It is not surprising that participation in physical activity and sports would lead to higher water consumption because of thirst and need for hydration. The American Academy of Pediatrics recommends that physically active adolescents drink plain water for their hydration with the exception of athletes with prolonged, vigorous sports or intense physical activity who may need more rapid replenishment of carbohydrates and/or electrolytes [30] .
The major strengths of this study are that it is based on a large, nationally representative sample, it had very small amount of missing data on only two exposure variables, and it had measured weight and height from which obesity status could be ascertained. However, this study is subject to limitations. First, KNHANES data are self-reported except for height and weight, and the extent of under reporting or over reporting of beverage consumption cannot be determined. Second, the associations are cross-sectional, so causality and directionality of these cannot be determined. Last, this study included only limited beverage items which were included in KNHANES food frequency questionnaires; therefore, they are not representative of all beverages that might be associated with water consumption in this age group.
In conclusion, nationwide in South Korea, mean plain water intake was 5.7 cups/day for males and 4.1 cups/day for females. About 1 in 5 15-18 year-olds reported drinking less than 2.5 cups of water per day and about 2 in 5 adolescents reported drinking less than 4 cups of water per day. Furthermore, odds for drinking < 2.5 cups of water/day was significantly higher among females, but lower among low-milk consumers. Factors significantly associated with a greater odds for drinking < 4 cups of water /day were being female and not meeting physical activity recommendations. Being underweight, overweight, and obese were significantly associated with reduced odds for plain water intake < 4 cups/day. Our findings may be used to tailor intervention efforts to increase plain water intake as part of a healthy lifestyle among Korean adolescents.
